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AbstrAct
Objectives: To measure the release of TEGDMA and BisGMA from two commercially available 
composite resins; Filtek Z 250 (3M ESPE, Germany), Leaddent (Leaddent, Germany) and two fissure 
sealants; Helioseal F (3M ESPE, Germany) Enamel Loc (Premiere Rev, USA) over 1, 3 and 7 days after 
polymerization with standard quartz-tungsten halogen Coltolux II (QHL) (Coltene Switzerland) and a 
standard blue light emitting diode Elipar Freelight 2 (3M ESPE, Germany). 
Methods: 9 samples of each material were placed in disc shaped specimens in 1 mm of thickness 
and 10 mm in diameter (n=36). Each material was polymerized using LED for 20 s (n=12), 40 s (n=12) 
and halogen for 40 s (n=12), respectively. High Performance Liquid Chromatography (HPLC) was used 
to measure the amount of monomers released over 1, 3 and 7 days. Data was analyzed using one way 
ANOVA and Bonferroni test for multiple comparisons with a significance level of .05. 
Results: LED 20 sec group showed the highest release of monomers at 1, 3 and 7 days in sealant 
groups. Halogen 40 sec group resulted highest release of monomers for Leaddent at all time inter-
vals (P<.05) 
Conclusions: Efficiency of the curing unit and applying the recommended curing time of the light 
activated resin based dental materials is very important to protect the patient from potential hazards 
of residual monomers. (Eur J Dent 2010;4:34-40)
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Light activated resin based dental restorative 
materials  are  most  widely  accepted  among  cli-
nicians  for  restorations  and  fissure  sealants.1,2 
Among their advantages, control of contour dur-
ing restoration, improved color stability, increased 
polymerization  and  rapid  setting  compared  to 
chemical  activated  materials  come  primarily.3 
However, despite these advantages; both chemi-
cal and light activated dental materials are under 
scope for their biological effects and biocompat-
ibility.4-7
One of the most common drawbacks of a com-
posite resin and a resin based fissure sealant is 
the inadequate polymerization which results with 
high residual monomers. Consequently, this leads 
to inferior physical properties.8,9 Previous studies 
indicated that, oxygen prevents polymerization of 
monomer by the formation of an inhibition zone on 
the surface of a resin in contact with air.10,11 Hence, 
sealant  materials  have  even  more  potential  for 
leaving  uncured  resin  components  since  these 
materials are cured without an occlusal matrix.12 
These unreacted components may either attach to 
polymer chain or integrate into host systemically 
by  saliva,  mucosal  tissue  membranes  and  pulp 
tissues. This may result with allergic or adverse 
side effects in both patient and dental staff.13,14 The 
significance of removing the leaching monomers 
from the oxygen inhibited layer of resin based ma-
terials have been documented in the literature.12,15
Factors affecting the polymerization of the res-
ins include those, directly related to restorative 
material and light curing units. In order to achieve 
the adequate polymerization to overcome the re-
sidual  monomers,  curing  units  and  techniques 
have been studied by many researches.16,17
Halogen lights have been most commonly used 
devices for the polymerization of resin based den-
tal materials. This low cost technology device have 
drawbacks such as decline of irradiance over time 
due to bulb and filter ageing which could lead to 
inadequate polymerization.18-20 Different technolo-
gies for light curing resin based materials have 
been developed to overcome these disadvantages. 
One such alternative is light emitting diode (LED) 
which is a highly efficient light source that produc-
es light within a narrow spectral range. LED is very 
popular  among  paediatric  dentists  particularly, 
since less chair time and an adequate polymeriza-
IntroductIon tion is the main goal and there are few studies on 
the curing performance of different curing units 
using HPLC (High Performance Liquid Chroma-
tography) in time related elution of term.21-23
The objective of this study was to determine 
the time related release residual monomers from 
different brands of commercially available resin 
based fissure sealants and composite resins po-
lymerized using different curing units with differ-
ent exposure time.
MAtErIALs And MEtHods 
Sample fabrication
Two composite resins, Filtek Z 250 (3M ESPE, 
Seefeld, Germany) and Lead Dent (Leaddent, Ger-
many) and two resin based fissure sealants, Heli-
oseal F (Ivoclar Vivadent AG, Liechtenstein, Ger-
many) and Enamel Loc (Premier Dental Products 
Company, REV, USA) were used in this study. The 
chemical compositions of these materials are list-
ed in Table 1.  
For each resin based dental materials, 9 disc-
shaped specimens (10 mm diameter and 1 mm 
thickness)  were  prepared  using  silicone  rubber 
molds (n=36). The molds were placed on flat glass 
plates on top of acetate strips and then filled with 
resin based material. The material was covered 
with an acetate strip and gently pressed with an-
other glass plate against the mold to extrude ex-
cess material. 
Curing method and exposure time
Halogen light Coltolux II (QHL) (Coltene, Swit-
zerland)  and  LED  Elipar  Freelight  2  (3M  ESPE, 
Germany) were used for the polymerization of the 
samples.  The  technical  details  of  halogen  light 
and LED are presented in Table 2. Nine samples 
of each material were (n=36), polymerized using 
LED for 20 s (n=12), 40 s (n=12) and halogen light 
for 40 s (n=12), respectively. The distance between 
the  light  source  and  sample  was  standardized 
by using a 1 cm glass plate. The light tip was in 
close contact with the restoration surface during 
polymerization. All specimens were prepared in 
a temperature controlled room at 23±1°C. Imme-
diately after light-curing, the cover glasses were 
removed from the mold. 
Release studies and HPLC analysis
After  curing, samples were immediately sub-
merged in 5 ml of ethanol at 37°C for 7 days and 
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were  analyzed  at  1,  3  and  7  days,  respectively. 
BisGMA  and  TEGDMA  released  from  samples   
were analyzed by reversed phase HPLC  high per-
formance liquid chromatography (HPLC) equipped 
with  a  diode  array  detector.  The  detection  was 
performed at wavelength of 254 nm. The station-
ary phase was a C18 LiChrospher 100 analytical 
column (250x4 mm i.d.) with a particle size of 5 
mm thermostated at 35°C. The mobile phase was 
an isocratic solution of 65% acetonitrile, at a flow 
rate of 1.5 mL min-1. The injection volume was 20 
μl and the measurements were performed after 1, 
3 and 7 days and repeated 3 times for all release 
media.  BisGMA  and  TEGDMA  monomers  were 
identified by comparison of their retention times 
with the corresponding standards. Chromatogram 
of standard monomer sample is given in Figure 1.
One-way analysis of variance was used to ana-
lyze data on the quantity of monomer released by 
monomer type, time intervals and different light 
curing methods. Multiple comparisons were ana-
lyzed  using  Bonferroni  test.  Statistical  analysis 
was conducted at a significance level of  P<.05. 
 
rEsuLts
Tables 3-6 show the mean amounts of BisGMA 
and TEGDMA released from Helioseal F, Enamel 
Loc, Filtek Z 250 and Leaddent samples respec-
tively after 1, 3 and 7 days following immersion 
in  ethanol.  In  Helioseal  F  group,  the  release  of 
BisGMA was statistically higher in LED 20 s group 
compared to LED 40 s group for all time intervals 
(P<.05) whereas this difference was significant for 
TEGDMA only after 3 days, (P<.05). In Enamel Loc 
group, LED 20 s released more TEGDMA in com-
parison to LED 40 s after 1 and 3 days (P<.05). For 
BisGMA, LED 20 s group released more monomer 
than LED 40 s and QTH 40 s at all time intervals 
(P<.05). 
There  was  no  significant  difference  noted 
for release of TEGDMA monomer among curing 
methods at all time intervals in Filtek Z 250 com-
posite resin samples (P>.05). However, there was 
a significant difference in the release of BisGMA 
after 3 and 7 days when halogen 40s was com-
pared to LED 40 s group. LED 40 s group released 
less monomer (P<.05).
In  Leaddent  composite  resin  sample  group, 
the  release  of  both  TEGDMA  and  BisGMA  were 
significantly less for LED 40 s group compared to 
halogen 40 s for all time intervals (P<.05). This dif-
ference was significant compared to LED 20 s only 
after 7 days. 
 
dIscussIon
It  has  been  shown  that  various  components 
may  be  released  from  resin  based  dental  re-
storative  materials  into  the  oral  environment.9 
These components namely, degradation products, 
oligomers and residual monomers can affect the 
biocompatibility of the materials. The amount of 
residual,  unreacted  monomer  in  a  resin  based 
dental  material  has  been  implicated  in  causing 
cytotoxicity and leading to a mechanical degrada-
tion in the material itself. Recently it has been also 
reported  that  released  monomers  from  dental 
materials show synthetic eustrogenic activity.10,24 
Hence researches have focused on the contribut-
ing factors  to monomer elution from resin based 
dental materials. Among these factors, chemistry 
Figure 1. Chromatogram of the standard monomer sample.
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Resin Based Dental Materials Chemical Composition Manufacturer
Helioseal F Bis-GMA, TEGDMA,UDMA Ivoclar Vivadent AG, Liechtenstein, Germany
Enamel Loc
UDMA, TEGDMA, 
Methacrylated phosphoric 
acid esters,
Premier Dental
4-methacryloxy 
ethyltrimellitic acid
Products Company, REV, USA
Filtek Z 250 Bis-GMA, UDMA, Bis-EMA 3M, ESPE, Seefeld, Germany
Leaddent Bis-GMA, TEGDMA, UDMA Leadent, Germany
Table 1. Chemical composition of resin based dental materials used.
Table 2. Technical details of the halogen and LED light-curing units.
Table 3. Mean TEGDMA and BisGMA release (concg/L) from Helioseal F fissure sealant samples in to ethanol after 
1,3 and 7 days. a,b,c,d P<.05.
Table 4. Mean TEGDMA and BisGMA release (concg/L) from Enamel Loc fissure sealant samples in to ethanol after 
1,3 and 7 days. a,b,c,d,e,f,g,h P<.05.
Light Curing Units Wavelength Intensity Manufacturer
Coltolux II 400-515 nm 400 mW/cm2 (Coltene, Switzerland)
LED Elipar Freelight 2 430-480 nm 1200 mW/cm2 (3M ESPE, Germany)
Immersion 
time (days)
TEGDMA (concg/l) BisGMA (concg/l)
LED 20 LED 40 QTH 40 LED 20 LED 40 QTH 40
mean±sd mean±sd mean±sd mean±sd mean±sd mean±sd
(n=3) (n=3) (n=3) (n=3) (n=3) (n=3)
1 7.55±0.32 6.54±1.0 6.74±0.66 0.41a±0.07 0.24a±0.04 0.3±0.05
3 9.61b±0.53 7.54b±0.84 8.24±0.7 0.45c±0.04 0.31c±0.03 0.36±0.04
7 11.76±1.06 9.98±1.03 9.62±0.58 0.49d±0.03 0.35d±0.05 0.38±0.05
  TEGDMA (concg/l) BisGMA (concg/l)
Immersion 
time (days)
LED 20 LED 40 QTH 40 LED 20 LED 40 QTH 40
mean±sd mean±sd mean±sd mean±sd mean±sd mean±sd
(n=3) (n=3) (n=3) (n=3) (n=3) (n=3)
1 0.26a±0.03 0.11a±0.04 0.19±0.01 0.27b,c±0.08 0.09b±0.01 0.06c±0.01
3 0.36d±0.05 0.18d±0.04 0.25±0.02 0.46f,e±0.17 0.15f±0.02 0.1e±0.01
7 0.43±0.03 0.42±0.08 0.39±0.03 0.55g,h±0.11 0.33g±0.06 0.17h±0.03
of  the  solvent,  size  and  chemical  nature  of  re-
leased components and extent of polymerization 
are the most significant ones.8
It is well defined that in order to minimize the 
amount of residual monomer elution, resin based 
restorative materials have to be polymerized to a 
high degree.25 Yet, it is indicated that a complete 
monomer conversion is never succeeded and the 
degree  of  conversion  varies  between  35%  and 
77%.8,26  Consequently,  curing  source  intensity, 
wavelength, exposure duration, thickness of over-
lying material tip to tooth curing distance has been 
a topic of investigations to determine the optimal 
conditions for resin polymerization.2 It is widely ac-
cepted that, an intensity of 300 mW/cm2 or greater 
at a wavelength range of 450-500 nm is required 
for complete polymerization of a 2 mm composite 
resin,27  although  different  intensities  and  expo-
sure time are suggested by other researchers.28,29 
Since  the  introduction  of  LED  devices  in  re-
storative dentistry, there has been an increased 
interest  in  comparing  their  ability  with  regular 
Ak, Alpoz, Bayraktar, Ertugrul    European Journal of Dentistry
38
halogen lights.30 This study used a standard halo-
gen light intensity of 400 mW/cm2. A2 colorshade 
was chosen for the composite resins to minimize 
the  effect  of  colorants  on  light  penetration.31  In 
the present study two composite resins and two 
fissure  sealants  were  studied  after  polymeriza-
tion with different curing units and exposure time 
at 1, 3 and 7 days time intervals. There was no 
BisGMA in Enamel Loc and there was no TEGDMA 
in Filtek Z250’s chemical compositions based on 
the information received from the manufacturers. 
However, all samples showed detectable levels of 
BisGMA and TEGDMA except for Filtek Z250 which 
released very small amount of TEGDMA with al-
most the same value of standard deviations that 
remained same for all time intervals. This result 
is line with manufacturer information regarding 
that Filtek Z250 does not contain TEGDMA as base 
monomers. 
Bis-GMA is an ingredient in many dental resins 
and pit and fissure sealants. In Enamel Loc group, 
detection of BisGMA was possible although it was 
not stated in the chemical formulation. By the time 
we started our study Enamel Loc was available at 
the  market  and  was  known  as  a  relatively  new 
self etching sealant. However, at the time of the 
completion of the study, it was discontinued by the 
manufacturer. It was claimed that heat and cold 
temperature extremes may cause phase separa-
tion in the resin. The detection of BisGMA could 
be attributed to changes in the chemical composi-
tion of the material and high sensitivity of HPLC 
analysis as well. Pit and fissure sealant materials 
contain more resin matrix and less filler particles 
than other dental composite materials which re-
sults in containing more monomer. 
HPLC analysis is one of the most trustable and 
commonly used separation method among other 
techniques.32 In the present study HPLC analysis 
was used to evaluate the monomer release from 
2  different  composite  resins  and  fissure  seal-
ants. Elution of residual monomers from dental 
materials depends on the chemical composition 
of leachable substances as well as the chemistry 
of the solvent.8 Tanaka et al14 revealed that, small 
molecular  weight  monomers  such  as  TEGDMA 
could be eluted more than the higher weight mol-
ecules, namely BisGMA and UDMA for their faster 
mobility. In the present study, the amount of TEG-
DMA was found to be higher than the amount of 
BisGMA for all dental materials. This could derive 
from differences in chemical properties and reac-
tive potentials of TEGDMA and BisGMA to different 
curing methods.33
Table 5. Mean TEGDMA and BisGMA release (concg/L) from Filtek Z 250 composite resin  samples in to ethanol after 
1,3 and 7 days. a,b P<.05.
Table 6. Mean TEGDMA and BisGMA release (concg/L) from Leaddent composite resin  samples in to ethanol after 
1,3 and 7 days. a,b,c,d,e,f,g,h P<.05.
  TEGDMA (concg/l) BisGMA (concg/l)
Immersion 
time (days)
LED 20 LED 40 QTH 40 LED 20 LED 40 QTH 40
mean±sd mean±sd mean±sd mean±sd mean±sd mean±sd
(n=3) (n=3) (n=3) (n=3) (n=3) (n=3)
1 0.01±0.00 0.01±0.0 0.01±0.01 0.04±0.01 0.03±0.01 0.05±0.02
3 0.01±0.01 0.01±0.01 0.01±0.01 0.06±0.01 0.04a±0.01 0.07a±0.01
7 0.01±0.01 0.01±0.01 0.01±0.01 0.07±0.00 0.05b±0.01 0.07b±0.01
  TEGDMA (concg/l) BisGMA (concg/l)
Immersion 
time (days)
LED 20 LED 40 QTH 40 LED 20 LED 40 QTH 40
mean±sd mean±sd mean±sd mean±sd mean±sd mean±sd
(n=3) (n=3) (n=3) (n=3) (n=3) (n=3)
1 0.15±0.05 0.10a±0.01 0.28a±0.08 0.12±0.05 0.07b±0.01 0.23b±0.07
3 0.21±0.01 0.11c±0.01 0.31c±0.09 0.17±0.01 0.08d±0.01 0.27d±0.07
7 0.23e±0.01 0.12f±0.01 0.43e,f±0.09 0.20g±0.01 0.09h±0.00 0.37g,h±0.09
  Monomer release from dental materialsJanuary 2010 - Vol.4
39
European Journal of Dentistry
The elution values reported in this study are 
higher than previous studies.8,23 This is because 
the specimens were placed into the solvent right 
after  polymerization.  This  is  clinically  relevant 
and corresponds to a period when further curing 
of material is occurring, which would tend to bind 
more of the unreacted molecules. It is also indi-
cated that the rate and extent of elution of mono-
mer is greater in organic solvents compared to 
pure water. However it should be noted that, un-
reacted monomer leaching in an organic solvent 
does not imitate the clinical conditions yet pres-
ents the potentially leachable portions of dental 
materials.34 In the present study ethanol was used 
as an organic solvent to measure the elution of 
BisGMA and TEGDMA from composite resins and 
fissure sealants sample. Acetonitrile was used as 
the solvent and mobile phase since BisGMA and 
TEGDMA  are  hydrophobic  and  it  has  been  used 
in previous studies concerning HPLC analysis of 
resin restorative materials.35
Manufacturers’  recommendation  for  curing 
time for Helioseal F, Enamel Loc and Filtek Z250 is 
20 s whereas for Leaddent it is 40 s. Based on the 
differences in polymerization conditions in dental 
practices, we used different curing units and ex-
posure time. In the present study, 20 and 40 s for 
LED unit and 40 s curing time for halogen light was 
used for the 1 mm thickness of tested resin based 
materials. For the sealant groups, polymerization 
with LED for 40 s yielded less monomer elution 
than the recommended 20 s. For the composite 
resin groups, recommended 20 s curing time for 
Filtek Z250 resulted with same amount of elution 
compared to 40 s of curing with LED and halogen 
light. However, 40 s of curing with LED eluted less 
in comparison to halogen 40 s. 
 
concLusIons
Monomer release from resin based dental ma-
terials  is  detectable  and  curing  performance  of 
different curing units and exposure time can be 
detected by HPLC in time related elution of mono-
mers. Therefore, efficiency of the curing unit and 
applying the recommended curing time of the light 
activated resin based dental materials is very im-
portant to protect the patient from potential haz-
ards of residual monomers.
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